The relations between salivary variables, lifestyle and mental health status were investigated for 61 healthy female university students. The salivary secretion rates were significantly higher in the good lifestyle group compared with the poor lifestyle group. Among the 8 lifestyle items tested, "eating breakfast" and "mental stress" were significantly related to the salivary secretion rates. The present findings suggest that the acquisition of a good lifestyle is also very important from the viewpoint of the prevention of oral disease.
Introduction
Saliva functions as a digestive fluid and helps maintain the oral environment 1) . The latter includes the oral washing function, the pH-regulating function, and so on. Therefore, saliva is very important from the viewpoint of prevention of oral diseases such as oral caries or periodontitis. By comparing vegetarians with omnivores, Johansson et al. 2, 3) found that the salivary secretion rates were influenced by lifestyle. Namely, vegetarians showed significantly higher secretion rates. In addition, salivary secretion rates increased significantly by a long-term (12 months) change from a mixed to a lacto-vegetarian diet. However, such a difference in lifestyle is not general. Therefore, in this study, we investigated the effect of a more general lifestyle on the salivary secretion rates.
Meanwhile, the use of the saliva sample as a component of the human body is very effective because of convenience and not requiring any injections 1) . The determination methods of some salivary components have been well established 4, 5) . However, it remains an important problem whether the salivary secretion rates should be considered in the sample analysis. In the present study, therefore, we also investigated this problem with regard to cortisol that is well known as a stress marker.
Materials and Methods

Subjects and protocol
Subjects were 61 healthy female university students (mean age; 21.1±1.5 years). All individuals were non-smokers and did not take any drugs. Their basic characteristics are shown in Table  1 . To this group, the lifestyle (Health Practice Index; HPI [6] [7] [8] ) and the mental health status (GHQ-28 9) , Zung-SDS 10,11) ) were measured, and the saliva samples were collected between 16:00 and 16:20.
The saliva samples were collected using Salivette ® (Sarstedt Co. Ltd., Nümbrecht) after discharging the saliva completely for 2 minutes. This device obtains the saliva by centrifuging (at 3,000 rpm for 15 min) cotton that subjects bit (for 2 min). The saliva samples were stored at −50°C until the assay.
The salivary cortisol levels were determined by ELISA as described previously 12) . In addition, the cortisol secretion rates per 1 minute (10 -2 µg/min) were obtained using the following equation:
Salivary cortisol levels (µg/dl)×Salivary secretion rates per 1 minute (ml/min) Here, we defined the specific gravity of the saliva as 1 13) .
Statistical analysis
All values were expressed as means±SD. Student's t-test was used for the comparison between groups. In addition, Pearson's correlation coefficients were used to examine the relations between the variables. Values were considered to be significantly different if p<0.05.
Results
The salivary secretion rates were significantly higher in the good lifestyle group (HPI: 6−8) compared with the poor lifestyle group (HPI: 0−3) ( Table 2 ). Investigation on the lifestyle items showed that "eating breakfast" and "mental stress" contributed significantly to the salivary secretion rates (Table 3 ). In addition, with regard to the GHQ-28 and its subscales (somatic symptoms, anxiety-insomnia, social dysfunction, and severe depression), the salivary secretion rates were higher in individuals who had less "somatic symptoms" compared with those who had more (1.06±0.33 vs. 0.88±0.37; p=0.05). On the other hand, there was no significant correlation between the salivary secretion rates and Zung-SDS.
There was a highly significant correlation between the salivary cortisol levels and the cortisol secretion rates (r=0.97; p<0.01) ( Fig. 1) . These cortisol values were not significantly correlated with the lifestyle (HPI) or the mental health status (GHQ-28, Zung-SDS). On the other hand, there was a highly significant correlation between the GHQ-28 and Zung-SDS (r=0.86; p<0.01). In addition, these two stress indices were signif-icantly correlated with lifestyle (r=−0.35; p<0.01 and r=−0.31; p<0.05, respectively). The total GHQ-28 and "somatic symptoms", one of its subscales, were significantly lower in the good lifestyle group compared with the poor lifestyle group (4.8±3.4 vs. 7.7±3.9, 0.6±1.0 vs. 1.8±1.7, respectively).
Discussion
The relation between the lifestyle and the salivary secretion rates should be noted. That is to say, the salivary secretion rates were significantly higher in the good lifestyle group compared with the poor lifestyle group. In addition, with regard to the lifestyle items, they were significantly higher in individuals who ate breakfast almost every day and/or kept mental stress levels adequate. The importance of mastication for the salivary secretion rates was reported in some previous studies [14] [15] [16] . The significant contribution of "eating breakfast", the lifestyle item related to mastication, to the salivary secretion rates in the present study supports the findings of previous studies. In addition, with regard to "mental stress", the salivary secretion rates appeared to be especially related to "somatic symptoms". The somatic symptoms can become the cause of anorexia, therefore, result in a decrease in mastication. On the other hand, "nutritional balance" was not significantly related to the salivary secretion rates. Although one possible explanation is that one or more nutrients may contribute to the salivary secretion rates 2,3) , the present findings do not support this.
In previous studies, the saliva samples were collected by mainly chewing paraffin wax 2, 3, 14) , and in the present study, they were collected using Salivette ® . However, these methods include the possibility that the salivary secretion rates are affected by the individual variation of mastication during the collection of the Lifestyle is defined as "poor" when the HPI score is 0-3, "moderate" when the HPI score is 4-5 and "good" when the HPI score is 6−8.
Values are expressed as means±SD.
Significantly different from the poor lifestyle group, * p<0.05 (Student's t test) Fig. 1 Correlation between salivary cortisol levels and cortisol secretion rates saliva. Further examinations are required with regard to the method of collecting the saliva samples.
In the present study, the saliva samples were collected at 16:00. Ferguson et al. 17) investigated the circadian rhythms in the secretion rates and composition of stimulated whole saliva, and showed that mid-afternoon could be a useful collecting time since many components have maximum or minimum concentrations near that time. The salivary cortisol levels also appear to be stable in that time, because they show a spiking in the early morning and then decrease gradually 6, 12, 18, 19) . In addition, Navazesh et al. 20) found the high test-retest correlation (r=0.95) with regard to the measurement of the salivary secretion rates using the chewing method. Meanwhile, the present subjects were all females. Therefore, effects due to the menstrual cycle could not be avoided. Since all females had different timing of the cycle, however, this does not appear to have contributed to the findings in a significant way.
With regard to the determination of the salivary cortisol levels, it may be an important problem to consider whether the salivary secretion rates should be used, because the high and low salivary secretion rates may result in the dilution and concentration of the cortisol, respectively. In the determination methods described previously 5, 12) , however, the salivary secretion rates were not taken into account. Therefore, in the present study, we calculated the cortisol secretion rates per minute from the salivary cortisol levels and the salivary secretion rates and investigated the correlation between the salivary cortisol levels and the cortisol secretion rates. As a result, there was a highly significant correlation between these two cortisol values (r=0.97; p<0.01). Namely, there was a high correlation between the intact salivary cortisol levels and the total cortisol quantity per unit time. In addition, some previous studies reported a high correlation between the salivary and serum cortisol levels 5, 12, 18) . Therefore, both these values can be used as a good index for salivary cortisol determination.
In the present study, two stress indices (GHQ-28, Zung-SDS) were significantly correlated with lifestyle (HPI). These findings agree with those of previous studies 21, 22) . On the other hand, these stress indices were not significantly correlated with the salivary cortisol levels or the cortisol secretion rates. According to previous studies, although daily stress increases the cortisol levels of individuals 23, 24) , the baseline cortisol levels are not always related to the stress levels of that point 25, 26) . This may mainly result from the individual variation of the baseline cortisol levels.
In addition, although the salivary cortisol levels were higher to some extent in the good lifestyle group compared with the poor lifestyle group, it may also be due to such individual variation. Since the difference was not significant, and the total GHQ-28 and "somatic symptoms", one of its subscales, were significantly lower in the good lifestyle group compared with the poor lifestyle group.
In conclusion, a good lifestyle not only reduces the somatic symptoms but increases the salivary secretion rates, and therefore it is also very important from the viewpoint of the prevention of oral disease. A good oral condition may be fed back to a pleasant meal and the consequent systemic health. In addition, both the salivary cortisol levels and the cortisol secretion rates can be a good index for the salivary cortisol determination.
